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In-situ measurement 
of window performance 

Various field tests can determine the integrity 
of the window and the quality of its installation 

By Stephen Carpenter, P.Eng. 
Member ASHRAE 

Long-term, in-situ performance of win
dows is of great concern to building 

designers and window manufacturers. In 
many buildings, windows are the largest 
contributor to building heat loss. If the in
situ window heat loss or air leakage is 
greater than the value used in the design 
stage, the heating system may not be able 
to maintain comfort conditions. 
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As a result, the engineer may be 
faced with the difficult task of determining 
whether the heating system design is 
inadequate, the windows are performing 
below specification or the installation is of 
poor quality. Even if there are no com
plaints about comfort, the engineer, 
architect and building owner may want to 
verify that the windows they got are wt"Jat 
they specified. 

In the past, window performance 
could be determined by simply counting 
the number of glazings. Today, however, 
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the use of low-emissivity coatings, argon 
gas fills, low-conductivity spacers and new 
frame materials and designs means that a 
window cannot be judged just by looking 
at it. 

While there are many laboratory 
"';1hods for testing window thermal re
s: :c '.ance, air leakage and other physical 
properties, the performance of the in
stalled window may be significantly differ
ent from the results. This article describes 
current and developing methods for 
assessing in-situ window heat loss and 
air leakage. 

Window heat loss 

There are many techniques for as
,essing in-situ window heat loss, ranging 
from simple measurements to infrared 
thermography and computer simulation. 
Perhaps the simplest method is to meas
ure the outdoor temperature and the inside 
glass temperature at the center of the win
dow. The lower the window heat loss is, the 
higher the glass temperature will be. 

Figure 1 depicts the interior glass tem
perature as a function of window U-value 
for several outdoor temperatures at an 
indoor temperature of 70°F (21°C). The 
vertical lines show the expected glass tem
perature for the more common double
glazed (DG) and triple-glazed (TG) window 
systems. These glazing systems can use 
either a "soft" (emissivity 0.09) or "hard" 
coat (emissivity 0.35), in conjunction with 
either air or argon (Ar) gas fill. (Some new 
hard coats have emissivities below 0.2 
and can be represented by the line 
labelled TG.) 

By comparing the measured glass 
temperature to the figure, the coatings and 
gas fills used in the window should be 
apparent. This technique can only be used 
when it is reasonably cold outside and 
there is little solar radiation incident on the 
window. The interior glass temperature 
can vary slightly because of fluctuations in 
the wind, sky conditions and interior film 
coefficient. As such, this technique cannot 
distinguish minor variations in coating 
emissivity or gas concentration. The same 
technique can be applied to the edge-of
glass and window frame to determine 
the presence of thermal breaks, low
conductivity spacers and other frame 
improvements. 

A finite-difference computer program 
(Carpenter 1989) can also be used to 
predict window frame and edge-of-glass 
heat loss and temperatures. By comparing 
the computer predictions to on-site meas
urements, it may be possible to identify 
frame characteristics. 

The accuracy of computer simulation 
to determine window heat loss has been 
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Figure 3. Conventional and infrared photographs of double-glazed and double
glazed low-a windows. 
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Window performance 

investigated (Elmahdy 1990) and shown to 
be of the same order as the best laboratory 
test facilities. Proposed Canadian and U.S. 
window energy rating standards are 
accepting the finite-difference computer 
program simulations as an alternative to 
window testing. Therefore, window manu
facturers and code officials may soon be 
able to provide temperature plots (like that 
shown in Figure 2) to interested parties. 

If more precise performance informa
tion is needed, different techniques are 
required . Several research groups (includ
ing Lawrence Berkeley Laboratory and 
Ortech International, Mississauga, Ontar
io) are investigating the use of infrared ther
rnography to determine window heat loss. 

In this method, which is still under 
development, an infrared photograph of 
the window is taken. Computer software 
converts the temperature readings into 
heat flows and produces a window heat 
loss coefficient. Thermog raphy is al ready 
commonly used to inspect buildings for 

missing insulation and water damage and 
this method may allow it to be used for 
windows. 

Figure 3 shows a standard photo
graph and an infrared photograph of two 
windows installed in a house. The infrared 
photograph clearly shows that the window 
on the right, which is otherwise identical to 
its partner, has a low-emissivity coating. 

There is a concern that inert gas fills 
(such as argon) contained in the sealed 
glazing cavity may diffuse out over time, 
thereby increasing the window heat loss. 
Responding to this concern, researchers 
at Acadia University in Nova Scotia (Latta 
1990) have developed a method for meas
uring the inert gas concentration without 
destroying the glazing seal. 

In this method, plate electrodes are 
placed on either side of the window and 
the voltage is slowly increased. The vol
tage at which an electrical discharge 
occurs can be related to the argon con
centration . This method can easily be 
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General arrangement of field air-leakage apparatus. 
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used in the field to measure argon concen
trations to within 0.3 percent. This concept, 
although still under development, is 
expected to be commercialized soon by 
an insulated glass manufacturer. 

Window air leakage 

Cold drafts are one of the most com
mon occupant complaints. The source of 
the draft may be the air distribution system, 
leakage through window seals or air leak
age around the window. The airtightness 
of most windows is tested to ASTM-E783 
(CAN3-A440 in Canada). 

This laboratory test, which is done 
over a range of pressure differences but at 
no temperature differential, provides a 
reasonable means of comparing the air 
leakage characteristics of factory-pro
duced windows. Damage during ship
ping, worn weatherstripping, therrnal 
warpage and poor installation can cause 
significant increases in air leakage. 
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Here's the best way 
to keep foreign 

. 

substances ~D~ 
1i)·~G 

out of a .,. ""' ,. 
water supply system. 

U.S.-made backflow preventer.; from Conbraco 
fndustries make your job easier. 

You get a complete selection for commercial, 
residential, and industrial applications. Choose 
from sizes as small as 1/4 in. to as large as 8 io. 
Select continuous pressure, RPZ, dual check, 
double check, and vacuum breaker devlces. 

Each Conbraco back.flow prevention device is 
engineered and manufactured with precision 
for worry-free performance. 

You get reseed, proven performers, conforming 
to AWWA, ASSE, IAPMO, and CSA specifications 
and designed to meet USC Research Foundation 
approval. 
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They're easy to install. Easy to maintain in 
line. Easy to field test in line. 

Our extensive distributor network is ready to 
serve you anytime, anywhere. Call today for 
more technical information. 

(704) 847-9191 Fax: (704) 847-4610. 

~CONBRaco 
. Conbraco Industries, Inc. 

P.O. Box 247 
Matthews, NC 28106 

~ 
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The New ASH RAE 
Pocket Guide 

The ASH RAE Pocket Gulde for Air Con
ditioning, Heating, Ventilation and 
Refrigeration expands and updates the 
original Pocket Handbook with data 
from the 1989 Fundamentals Handbook 
and the revised ASHRAE Standard 
62-1989, Ventilation tor Acceptable In
door Air Quality. It includes a new sec
tion on "Owning and Operating," new 
heat gain information, new data on pipe 
sizing, plus much more. Bulk order dis
counts and imprinting available. Contact 
Publication Sales for details. Phone: 
(404) 636-8400: Fax: (404) 321-5478. 

Code: 90041 1-P (inch-pound) 
90042 SI (metric) will be 
available 2190. 

List: $18.00 
Member: $12.00 
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Window performance 

The airtightness of the window and 
the window/wall interface can be field· 
tested using the inexpensive apparatus 
shown in Figure 4. With this commercially 
available system, a plastic sheet is first 
taped to the window frame, and a vacuum 
pump is used to induce a pressure dif· 
ferential across the window. The vacuum 
pump flow rate is related to the pressure 
differential to assess the airtightness of 
the window. 

The test is repeated but, this time, with 
the plastic sheet taped to the wall instead 
of the window frame. The increase in flow 
rate that occurs is due to the window/wall 
interface and is a measure of the installa· 
tion quality. 

This technique was recently tested on 
three different picture windows (two wood 
and one vinyl) installed in three different 
ways (Ortech 1989). These windows were 
first tested in a commercial laboratory for 
air leakage, then shipped to the job site 
and installed. 

The field-test air leakage apparatus 
was used to measure the window and 
window/wall interface air leakages. The 
windows were installed by the same con
tractor using three differenttechniques. In 
the first Installation. the cavity between the 
window and wall was left empty and stan· 
dard interior and exterior trim applied. For 
the second and third installations, the 
cavity was filled with loosely-packed glass
fiber and tightly-packed glass-fiber, re
spectively, and trim applied. 

Table 1 shows the results from the 
three tests. All three windows were signifi
cantly below the Canadian window stan
dard (CAN3-A440) maximum acceptable 
air leakage of0.045 elm/ft of crack length 
(0.25 m3/hr per meter of crack length). 
The small change in air leakage when 
measured at the job site showed that the 
windows maintained their air seal integrity 
through the shipping and installation 
process. 

The surprising result is that air leak
age through the window/wall interface is 
at least two hundred times greater than 
that through the window. A poor installa
tion job can increase cavity air leakage 
by a factor of six. These results show the 
value of in-situ testing in identitying 
problems. 

Conclusions 

The advent of new window enhance
ments that are essentially Invisible in· 
creases the need for in-situ testing of 
window performance. Window heat loss 
can be estimated by comparing site
measured temperatures to glazing and 
frame temperature plots. · 

infrared thermography and electri· 
cal discharge tests hold promise as ac
curate methods for determining window 
characteristics. Window and window/ 
wall interface air leakages can readily be 
measured at the site. All of these tests can 
often provide valuable information on the 
integrity of the window and the quality of 
the installation. • 
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